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.0. . Thiis study investigated whether the 'aciiitjC threjshold V 
for distant .targets is elevated for infants ra^nglng., in ag^ from '24- tb . 
63 /Says* Using sguarp wave' g'rati^gRS ^and 'a %^ stairpase-. '\ v 

prs'cedure^ acuity thresholds for each of 3M,infaftts' were' xlet-ermined ^; 
for onfe or more of the distances 30 cm^ frO^^^ 90 ^ni and ISO cm. 
Acuity threshold was defined as the finest cfratdng tbw^d which the 
infant directed a significant proportion of fit^t fixations. Re^filts 
indicate that t4iese thresholds >rere centered aro't^nd a modal ^1 
grating-*stripe width bf /^Q m of visual angle^ regardless of the 

infantas age. The predominant threshold of 20 - 30,m^utes of an ajrc 
was found? for the 150 cm^ distance, and no general .improvement ia- 
ajjuity threshold was found over the age range tested* These results / 
^ are in agreement with ^t her infant, ^acui^ showing that 1- to 

* 2-month-Told infants are sensitive t^^-'^raltings of 2 cycles per degree 
or coarser. This value was relatir^igly constant across large 
distances, suggesting that the 1- to 2-month-old infantas lens does 
not accommodate 'as a function of target distance. This finding, is 
compatible with the evidence to date that thfi^low visual acuity of 
the infant does not vary with the distance od^^^e pattern being 
viewed* (It is suggested that the young inf>anflKg sensitive only to « 
low spatial frequencies, so that there is not eil^ective stimulus fpr 
accommodation.) (GO) \ - iv 
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' I'd like j:o start by ^reading to you jfrom two .veil known and oft used' text-* 
books Of child development^ First; "The ^eonate'd eyes have a fixed focyis at \ ' 

..... - ' ' • • , ' N> .? ' .^^ .3 . t;/" . , « ' u \ 

about 7% inches ^9 ctf|,^tflhich may taean^that more.dif tant abje^ctd ate ^se^n as 
blurred," (1) And'eecond: "It* appears ° that for the' first ;iaontih the infa&t' does , 
not malcB any adjustment ^to objecrts.at varying distances fricp his eyes (called ; ' 
acconmodation) • ^. He ^eems to have ^ fixed focus 'at about 8 inches from his faiC6« ^ 
The poor* acconimodatibn f or ^the first 8^ weeks would make the perception of detailed 
form at a distance d?.f£icult." (2) " ^ j 

These otGtemnta are based on the findings of two studies,, one by Haynes, • 
THhita, and Held (3), mid a replication by White and Zolot (4)« Both jemployed the 
technique of dynamic, retinoscopy to assess the xfefractlve state, i.e.* th^ foijis, 
of the lens as infants fixated targets a,t varying^ distances. , The results in,di- 

'-' "'v ' . ., " ' Q ' ' ' ' f ' " ~ ^ 

cated t|ii4t during the first month or two. refraction bf the "lens did not vary 
approprilitj^ly with the distance of 'the target being fixated. ^Each infant's lertg . 
was fixed> in |ocus for some distance—called the focal plane— within 32.5 cm 
frcftn his eyes. The particular distatif e^of this focal ijlane varied from infant to 
infant, with a median, distance of 19 cm. 

These ^retinoscopic' data have some interesting tmpllcations for acuity thres- 

• ■ » 

hold, psychophysical ly determined as a function of distancep If there is a fixed 
rocal plane at^about 19 cm., then, ats' least according to the geometric optics of 
the adult eye, ^a target distance of 150 cm would be about 5 diopters out of focus. 
For the adult:, a refractive error of this magnitude woultt markedly elevate the 
acuity threshold, ^ Only a . limited number of studies (5) have fexamined the faculty 
threshold of ^ery young Infants- f^r a stationary t^arget:* Typically, die infant . 
Wde a spontaneous vistial choice between a square^ wave grating— a striped panel-- 
and an unpatterned panel miatched to the grating In size and luminance*^ -Across all 

r j< f 

Studies it hSft been generally found i:hat the acuity thresholds of the Infant twot^ 
months of ake or younger Is somewhere between 15 and 40 minutes of arc or, 2.0 and 



.75. cycles per degree. 'No ^tudy ha;t repo^jted sensitivity to gratings finpr than 
zCo cycles <-per, degree. For aNcojEparison, adults Vith good vision are sensitive 
to gratings of. at least 3ft cycles per degree (6), 

Howevar, mo 9 t investigators using square wave gratings have determined 
acuityyt^hreshold using targets 35 cm or less fro^i the infant's eyes* Fantz, Ordy» 
-and Udelf (7) were^the only ones who Varied target distance, and^^ their study 
no effept of target distance on acuity threshold was found across the range em- 
■ployed, 13 to 50 cm from the eyes. 

We investigated whetlier in fact the acuity threshold' for distant targets is 
elevated for young infants, as the retinoscopic data s«gge^t it may be. 

Thirty three infants, ranging in age from 24 to 63 'days, provided useful 
data; nine of them did so on more than one visit. The mean ege' of our subjects • 

^ ■ ■ \ ' - . , . . • 

was 37.7 days. Infants were placed in an infant seat centered in front of a 

.' .• ■'; • • » ' ■ • 

large Polacoat rear projection screen. On each trial a black and white square - 

•wave grating was rear projected on one side of the oscreen, aloAg with la gray 
patternless field of the s^ size on the other side. The t«p fields adjoiW- 
at midline. The gratings presented had stripes of projected *lze of. 10, 20, 30, 
40, 50, or 75 minutes of visual ^angle at each test distance and _^ were of high con- 
trast. Gratings and gray fields were of moderate brightness and their overall 
projected ^ize was 24° x 24° of visual angle. To ensure, l^at ^e line of sight 
of each infant irfts at midline before the introduction of eath^rating and control 
field,*'a vertical hatched bar was projected at midline prior 'to each trial.^ When 
thev infant was judged by an observer to' be fixating the bar, it «a8 removed and 
the test fields introduced lor 3 seconds. Two observers stationed on either side 



'of the infant independently s<;^ed whether the infantas first eye movemfeilt fol- 
lowing the introduction of the &io fields was to the left or to the right, if 
he made one at all. Agreement between scorers was 73 percent. ' , ' . 



A modified staircase procedure was used to dQtemXn^ acuity thresholds for 

each infant at .one or mo3^ of the following distances^*«30 cm, 60 cml 90 cm, or 

■ r \ ■ . . .\; 

150 cm« Side of presentation of the grating and gray'£tftl4 was- randomly varied 
across consecutive trials at each stripe tddth, and n(>ria|£l|^^at^ least 20 trials at 
each. stripe vidth were presented^ Acuity threshold was def^^^d as the finest 

^grating towards xchich the infant directed a significant ptb]|E»tfcion of first fixa- 
tions ( p < .05 according to a one-tailed, exact binomial prdbnWlity test). 

^^/-^ Table 1 suaanarises the acuity thresholds determined at the lr*i3cious distances 
for all acceptable Ss. Hote first that Che thresholds are disjtrtl>uted in a simi- 
lar fashion at each of the four distances. T!?^e thresholds in each ease are cen<J^^ 
ter^d ajound a mode of 30 minutes. This , incidentally was t£ue ros£tdles8tof age. 
Second 9 the predominant threshold we found for the 150 cm distance, 2Qr30 min, is 
similar to the value reported in the literature for one to two month o%Ab' looking 
at stationary targets close to the eyes. Third we observed no general improve- 
mnnt in acuity threshold over t:he age range we tested. T|iis finding top is poh- 
sistent with the literature~otKer r€ssearchers noted improvements with age only 
aftbr 2 or even 3 months. Finally Table 2 , lists our within subject data. Of 

the infants for Vhom a near, i«e., 90 cm ot closer, and a far, i.e., ,156 cm, 

* ■ 

threshold were determined, 5 infants had identical hear and far thresholds, 4 ^ 

had higher near thresholds than fat thresholds, and 2 %M lower near Hhresholds 

• ■ - i ' . ■ . * 

than fdt thresholds. In only two cases did an infant's near and far thresholds 

■■ ■ ■ ■ * 
differ by more than 10 minutes* The across distance differences ate of the same 

magnitude as the differences between thresholds for the same distance determined 

on different days^ " ^ 

Our results, then, agree with other infant acuity studies, indicatijig that the 

one to two month old infant is sensitiye only to gratings of 2.0 cycles per degree 

or coarser. In additiori, our results suggest that this value is relatively con<- 

atant across a large distance. This finding would i^eem to conflict with the 



findings of Haynesi White, and Held, and Ivlaite and'ZoXot. How can fixed focsua 
of t&ft-lens be reconciled with no. effect of target distance on acuity threshold? 

An initial possibility is that the retinoscopic data are inacc.uratfe. One 
could argue that tiie. Infant^ vere not fixating the targets in the retinoacopy - 
ptadies and that one month olds are v^ry difficult and unreHable clinical sub*- 
. jecta» We do not y^eh to entertain this possibility* Haynes, White, and Held v 
report good agreenient among repeated measurements on 4:hfer^ame infoat, and they 
were eble to detect consistent difference* among infants of different ages*' They 

■' ' ' ■ ' ■ i 

were also able to detect consistent differences between sleepiijg and alert infants* 

#■ . . . , 

Xh^ lenses of the infants ^hen asleep were^^laxed, with some 5 diopters less r(>- 
fr active power thW wtien*4:he jg^g infai^ts were awake and alert* TWis l^^^^*^s^ 
findiag," inctdently, demonstrates th^ if the infant •s focus is fixed, it ^*f^ot ^ 
because the 3.ens is rij^^dU' 

As an jhlternative, let^s assume that the one to two montJi old does have a 
fixed focal plane.; Also suppose that hia acuity is limited t^k 2 cycles per de^ee 
or coarjBer somethii^ other than the Optics of the eye. PerhVs the^;i4naturity 
of the retida or the central nervous system is responsible. As you may know, a 
square wW grating is=made* up df infin^^tely many eine, waves, th^ lowest frequency 
sine wave specdfying 'the f undaiSsntal frequency of the square wave (see Figure 1).. 
iCJhat we are supposing b^at the infant is inscMitive to the higher spatial ^ 
/frequencies of a square wave grating,, even when ^e gating is- viewed at his 
fixed focal plane. At*be,st what he sees Is a 2 cycle per degree sine wave grating. 
He nev^r sees shj^rp edges or resolves fine details* 

Some work with adult subjects now becomes ^relevant- /'Green and Campi^ll (8> 

induced various amouifta o£ refractive error or blut by placing lenses Hn front 

' " • ■ 

of their subjects' eyes^ They found that the introduction of considerable re- - 
fractive blur had a negligible^ effect on the sensitivity of aduit^ to sine waves 
of * lo* spatial frequencies, but effected a marked and increasingaowering^of 
sensitivity to sine wayes of higher* spatial frequencies (fi^ Figure 2)* • 




-5- 



Wb.al: tjjis suggests is that perhaps the one to two month 15 Id infant's 
lens dbes not acccnunodate &a a function of target distance precisely because the 
infant id sensitive only to low spatial frequenciest That its, i£ the effective 
stimulus for accommodation is provided primarily by high spatial frequency infor- . 
mationfor even simply by noticeable blurs, then for the young infant there is no 
effective stimulus for accommodation* He is not sensitive to high spatial fre-* 
quencies and the low ones to idiich he is sensitive dq not look different through ~ 
refiiactive Errors of considerable magnitude* Perhaps the lens o^f the young in- 
fant could exhibit variable accommodation if the visual system at or beyond thk 
retina were more sensitive to highei: spatial ^^equencie a or if an optical situation 
in which even low spatial frequencies were unavailable unless the infant accom- 
modated could be arranged* But whether or not. the one to two month old CAN acccm- 
modate, findings that he does not are compatible with the evidence to date that the 
low ^visual acuity of the infant does not vary with the distance of the pattern 
being viewed. ^;cr > • 
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TABLE 1 DISiPvIMION OF TSIfBIMS OBTAINED 
\ " at EACH TARGET DISTANCE 
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Figure !• Sine and oquare Xi?ave gratings of tha isame fundamantal frequency. 
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Figure 2 
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Fio. 2/Eriect of focus on the contrast senNilivijLy measureil for 
increasing positive lens power A 2-mm-dbm pupil was used. 
The eye wis in focus for the viewing disilurtcc when corrected with 

1.5 p lens (closed circles). Each point is the average of three 
measurements (observ.ct D.G.G.}. 



Figured 2# From Green 6c Campbell, 1965. 



